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H(u, y, p) := p · f(u, y)}fjln8








ẏ(t) = f(u(t), y(t)),
ṗ(t) = Hy(u(t), y(t), p(t)),




t ∈ [0, T ],





















Hu(u(t), y(t), p(t)) = 0
(&







H(y, p) := H(φ(y, p), y, p)
¿dqr{¯l£
Hu(φ(y(t), p(t)), y(t), p(t)) = 0
»
I|}f¯
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ẏ(t) = Hp(φ(y, p), y, p), t ∈ [0, T ],
−ṗ(t) = Hy(φ(y, p), y, p), t ∈ [0, T ],















yk+1 = yk + hk
∑s
i=1 bif(uki, yki),
yki = yk + hk
∑s























































biKki + yk − yk+1,
0 = f(uki, yk + hk
∑s
j=1 aijKkj)−Kki,











































































0 = fu(uki, ykj)





















yk+1 = yk + hk
∑s
i=1 bif(uki, yki), yki = yk + hk
∑s
j=1 aijf(ukj , ykj),
pk+1 = pk − hk
∑s
i=1 b̂iHy(uki, yki, pki), pki = pk − hk
∑s
j=1 âijHy(ukj , ykj , pkj),
0 = Hu(uki, yki, pki), y0 = y












i = 1, . . . , s
¢
j = 1, . . . , s.
µ² z¹
3Á°|}fjln*º­£nFl Õ¢{~}ff¯H}f{
Hu(uki, yki, pki) = 0
nÕº­|<º¯º­yrnKI1¯®#º­n<H}&}f










Ô  ïÉ ÎÉ9Ê	  


    Ê¶Ë<Ì   
    

3Á}­{{f}j¢#}Õr1¸}f±}f¯IlnF)ll£In·Ã¾|}¸} r{f jln<montµ¶+mofn*£nFln< º­º­ygHyIln{¸}nF>{f jln<monK¹
{g{¸yzmolº­nF9}f­°C}fjlnoffnF{¢I1|­l£ 1#¼ {t{yzmd1º¯nK9}¿63Á}­{tÀzl#¼)S}j¢#}1}¯}­lnKS)ll£In·
























  + ; 	+! # ?	9	) ,./102'	?	Ó!?345)!
 ¢{­}fHIº4­}jln´{¸}¢|yÇ°Ifln<'I1|¯}­1{d°²I
)l1£n·Ã¾|}}f={f jln<monF{o{Q}fjln}j1n<fyÇ°
5·Ã{¸nF­nF{g¢´{f{z<­}nKO<º­<lº¯¢{tI´fz}nKS}fnFnF{F»&|ln>} 5;|}f jlnFQµ¶{n<n "   $Ñ¹¿4lIt¢}¯}­lnK
4ll£n<·Á¾l}¸}fg{f jln<monF{Õ>n<Åz}n<¢{¸­d°X}jl{}fjln<Iy{}j1n)ln°XnÅ|11{¸­d­dC·Á{n<f¯nK{<»1>}jln










µ¶¼)jl jfn*­°¶}{lm °¢mdIlmoº{&¼)¯}j>ll¯}<Hn1'­n<H}f{ ¹ï­}fjlnF{n*®#flº­nF{?j1Ð®nÕ}ftXn*nKH1º












































E ⊂ V × V  
n<º­n<mon<H}f{r°
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V = {a, b, c, d}
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γ( ) = 1
»11
γ(t) = #t× γ(t1)× · · · × γ(tm),
µ Ô ¹
¼)j1n<fn;zy





























φi( ) = φi( ) = 11
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t = (V,E, c)
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{tq, q ∈ Q}
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E> := {(x, y) ∈ V × V ; (y, x) ∈ E}.
µ¸¡< H¹
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t = (V,E, c)
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v(g)
Xn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?Ý ¨
t ∈ BT ∗
 |nFnK'zy
­1fnFI{¸­l£o|n<£InFn»z¼)¯}j
|t| ≤ n Ý 	 § Ø>}fjln°¶mo­º¯y°f¯nFI}fnF
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  Ø   j1nF À'¯° ∑
i σiv(gi) + σ
∗v(g∗) = 1/γ(t) M¦ Ø  © 
←
 © 
∪ {v(g∗) = σ∗(1/γ(t)−
∑
i σiv(gi))} +Þ ?Ý ¨

 Ø § ¨   ©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g∗
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t = τ
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